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Abstract 
Some fundamental studies on the preparation, structure and optical properties of NbN films were carried out. NbN thin films were 
deposited by DC reactive magnetron sputtering at different N2 partial pressures and different substrate temperatures ranging from –50 ℃
to 600 ℃. X-ray diffraction analysis (XRD) and scanning electron microscopy (SEM) were employed to characterize their phase com-
ponents, microstructures, grain sizes and surface morphology. Optical properties inclusive of refractive indexes, extinction coefficients 
and transmittance of the NbN films under different sputtering conditions were measured. With the increase in the N2 partial pressure, 
δ-NbN phase structure gets forming and the grain size and lattice constant of the cubic NbN increasing. The deposited NbN film has 
relatively high values of refractive index and extinction coefficient in the wavelength ranging from 240 nm to 830 nm. Substrate tem-
perature exerts notable influences on the microstructure and optical transmittance of the NbN films. The grain sizes of the δ-NbN film 
remarkably increase with the rise of the substrate temperature, while the transmittance of the films with the same thickness decreases. 
Ultra-fine granular film with particle size of several nanometers forms when the substrate is cooled to –50 ℃, and a remarkable aug-
mentation of transmittance could be noticed under so low a temperature. 
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1 Introduction* 
Niobium nitride (NbN) thin films early got no-
ticed because of their transition temperature, one of 
superconducting properties, as low as 16-17 K and 
thereby could find wide applications in supercon-
ducting microelectronics[1].  
In recent years, NbN, as a transition metal ni-
tride, has become a very popular material due to its 
high hardness, melting point, wear resistance[2], 
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chemical inertness[3] and temperature stability[4], 
which makes it suitable for use as emission cath-
odes[5] in microelectronics and sensors, optical films 
and micro-mechanics etc. Till now, NbN thin films 
have been prepared with various deposition tech-
niques including reactive magnetron sputtering[6-8], 
ion beam assisted deposition[9], pulse laser deposi-
tion[10] and filtered arc deposition[11,12]. 
In the present paper, some fundamental studies 
about the preparation, structures and optical proper-
ties of NbN films are performed. NbN films are 
produced by DC reactive magnetron sputtering 
technique. The effects of the different ratios of Ar to 
N2 during reactive sputtering and the various sub-
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strate temperatures on the phase structures and op-
tical properties are involved as well.  
2 Experimental Procedure 
The NbN films were deposited using a DC 
magnetron sputtering technique on glass substrates. 
A Nb(99.99% purity) metallic target Ø60 mm×4 
mm thick was mechanically clamped to a planar 
sputter source mounted horizontally on the base of 
the chamber evacuated to a base pressure of 6×10-4 
Pa. The distance between the target and the sub-
strate was set to be 100 mm. The sputtering pressure 
was kept at 0.5 Pa by admitting a stream of mixed 
gas of Ar and N2 into the chamber. Various ratios of 
Ar to N2 were adjusted from 50:0.5 to 50:7.5 by 
increasing N2 mass flow from zero to 7.5 sccm. The 
glass substrates were degreased ultrasonically. At 
different substrate temperatures of –50 ℃, room 
temperature (RT), 375 ℃ and 600 ℃, films with 
different thicknesses were prepared for structural 
and optical measurements. 
The phase structures of the NbN thin films 
were investigated by X-ray diffraction (XRD) on a 
Dmax diffractor with CuKα radiation and the sur-
face morphology by a JEM-100CX scanning elec-
tron microscopy (SEM). The transmittance of the 
films in the UV-Vis range was measured using an 
UVPC3100 spectrophotometer. Refractive indexes 
and extinction coefficients of the films were meas-
ured by ellipsometry.  
3 Results and Discussion  
The deposition parameters and structural char-
acteristics of the cubic NbN films are listed in Table 
1. X-ray diffraction results of the NbN films depos-
ited with various ratios of Ar to N2 from 50:0.5 to 
50:7.5 are shown in Fig.1. From the figure, it fol-
lows that in a low N2 gas flow below 1 sccm, the 
main phase is consisted of only Nb owing to insuf-
ficient N atoms in the reactive gas. It is only when 
the N2 mass flow reaches 2 sccm, cubic δ-NbN 
could be detected with a (111) preferential orienta-
tion at the initial growth of the crystallized NbN. 
Grain sizes calculated by Scherrer formula and lat-
tice constants from XRD analysis are also listed in 
Table 1. Obviously, with the rise of the N2 partial 
pressure, the grain size and lattice constant of the 
cubic NbN increase. Moreover, the lattice constant 
of the film is less than that of the bulk NbN (a = 
4.392 Å). 
Table 1  Parameters for the deposition of NbN films and 
structural properties of grain size (D) and lat-
tice constant (a) for the cubic NbN 
Ar:N2/sccm Voltage/V Current/A D/nm a/Å 
50:0.5 250 0.2 -  
50:1 260 0.2 -  
50:2 280 0.2 20.61 4.379 06 
50:4 290 0.2 31.71 4.382 83 
50:7.5 300 0.2 32.97 4.385 50 
 
Fig.1  XRD patterns of the films deposited with various 
ratios of Ar to N2. 
NbN films with the same thickness of 200 nm 
prepared at the flow ratio of Ar:N2 = 50:7.5 were 
deposited on the glass substrates at different tem-
peratures. Fig.2 shows the XRD patterns of the 
above mentioned films. Different from the others, 
 
Fig.2  XRD patterns of the NbN films deposited at different 
substrate temperatures. 
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the film at the substrate temperature of –50  h℃ as 
shown a very weak NbN peak. As the substrate 
temperature increases, FWHM of the (111) peaks 
achieve 0.80, 0.75, 0.65 and 0.63, which means the 
lower the substrate temperature, the smaller the 
grain size. 
The results from XRD analysis are in complete 
consistency with the surface morphology of the 
films observed by SEM, as shown in Fig.3. 
From Fig.3(a), in the surface of the sample 
cooled down to –50 ℃, the grain boundary could 
not be clearly observed. It is only when the substrate 
at higher temperatures that atoms could obtain 
thermal energy enough to move and diffuse, thus 
 
(a) 
 
(b) 
 
(c) 
 
(d) 
Fig.3  SEM morphologies of the films deposited on the 
substrates at different temperatures of (a) –50 ℃;   
(b) room temperature; (c) 375 ℃; (d) 600 ℃. 
promoting crystal growth. This is verified by the 
larger sizes and smoother outlines of particles 
shown in Figs.3(b), (c) to (d), which correspond to 
substrate temperatures of RT, 375 ℃ and 600 ℃. 
The refractive indexes and extinction coeffi-
cients of the NbN films with the thickness of 50 nm 
deposited in 7.5 sccm N2 mass flow and at room 
temperature were measured in the wavelength rang-
ing from 240 nm to 830 nm, as shown in Fig.4. It 
can be seen that the NbN film has relatively high 
values of refractive index and extinction coefficient. 
 
Fig.4  The refractive index and extinction coefficient of the 
NbN film with the thickness of 50 nm deposited un-
der 7.5 sccm N2 mass flow and at room temperature. 
Fig.5 shows UV-Vis spectrals of transmittance 
for a group of films deposited in a 7.5 sccm N2 mass 
flow and at room temperature but with different 
thicknesses from 5 nm to 90 nm. Generally, it is 
reasonable that transmittance decreases with thick-
ness increasing. However, for a certain film, trans-
mittance progressively increases with the wave-
length of incident light increasing. 
 DU Xin-kang et al. / Chinese Journal of Aeronautics 20(2007) 140-144 · 143 · 
 
Another group of NbN films with the same 
thickness of 30 nm were fabricated on the substrates 
at different temperatures from –50  to 600℃  . ℃ The 
measured optical transmittance of these films given 
in Fig.6 shows that transmittance increases with 
substrate temperature decreasing. Especially a re-
markable rise of transmittance is attained in the film 
on a substrate cooled down to the extreme of –50 .℃  
Furthermore, there is a maximum emerged at the 
wavelength of 512 nm which might be explained by 
that the film with ultra-fine grain size of several 
nanometers does scatter less incident lights. Further 
investigation is now well under way. 
 
Fig.5  Transmittance of the films with different thicknesses 
from 5 nm to 90 nm deposited at room temperature. 
 
Fig.6  Transmittance of the films deposited at different 
substrate temperatures from –50  to 600℃   with ℃
the same thickness of 30 nm. 
4 Conclusions 
The NbN films were deposited using a DC re-
active magnetron sputtering technique on glass sub-
strates. With the ratios of Ar to N2 changing from 
50:0.5 to 50:7.5 and the N2 mass flow reaching up 
to 2 sccm, cubic δ-NbN gets forming showing a 
(111) preferential orientation at the initial growth of 
the crystallized NbN. Notable influences of sub-
strate temperature on the microstructures, particle 
sizes and optical properties of the films are pre-
sented. The results from both XRD and SEM show 
that the lower the substrate temperature, the smaller 
the size of grains. The deposited NbN film has rela-
tively high values of refractive index and extinction 
coefficient in the wavelength ranging from 240 nm 
to 830 nm. Besides, transmittance of the film in-
creases with the decrease of the substrate tempera-
ture. A remarkable rise of transmittance is attained 
in the film on a substrate cooled down to the ex-
treme of –50 ℃. 
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